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(54) [Title of the Invention] 

INFRARED SOLID-STATE IMAGING DEVICE 

15 

(57) [Abstract] 

[Object] To eliminate an influence of a scattered 
light or thie like incident from a device front surface 
on a rear surface incident infrared solid-state imaging 
20 device and to improve a spatial resolution of the 
imaging device. 

[Constitution] In a rear surface incident infrared 
solid-state imaging device, an infrared absorption layer 
17 is provided above an Al reflecting layer 9a covering 
25 an upper portion of an infrared detector so that the 
layer 17 covers at least an insensitive region. 
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[What is claimed is] 

[Claim 1] An infrared solid-state imaging device 
comprising : 

a semiconductor substrate that transmits an 
5 infrared ray; 

an infrared detector provided in a light receiving 
region on a front surface of the semiconductor 
substrate; 

a charge reader provided in an insensitive region 
10 other than said light receiving region, and reading an 
optical charge detected by said detector; and 

a reflecting film covering an upper portion of said 
light receiving region, wherein 

the infrared solid-state imaging device converts 
15 the infrared ray incident from a rear surface of said 
semiconductor substrate to an electric signal, 
characterized by comprising: 

an infrared absorption layer located above said 
reflecting film and provided in a region covering said 
20 insensitive region. 

[Claim 2] An infrared solid-state imaging device 
comprising: 

a semiconductor substrate that transmits an 
25 . infrared ray; 

an infrared detector provided in a light receiving 
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region on a front surface of the semiconductor 
substrate; 

a charge reader provided in an insensitive region 
other than said light receiving region^ and reading an 
5 optical charge detected by said detector; and 

a reflecting film covering an upper portion of said 
light receiving region, wherein 

the infrared solid-state imaging device converts 
the infrared ray incident from a rear surface of said 
10 semiconductor substrate to an electric signal, 
characterized by comprising: 

a second reflecting film provided at a 
predetermined position above said reflecting film and 
away from said infrared detector by a distance of about 
15 a half of a wavelength of said incident infrared ray or 
about an integer multiple of the half of the wavelength 
of said incident infrared ray. 

, [Detailed Description of the Invention] 
20 [0001] 

[Industrial Field of the Invention] 

This invention relates to an infrared solid-state 
imaging device and particularly relates to a rear 
surface incident infrared solid-state imaging device 
25 which converts an infrared ray incident from a rear 
.surface of a substrate to an electric signal. 
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[0002] 
[Prior Art] 

Following tlie recent development of silicon LSI 
technique, infrared solid-state imaging devices eacli of 
5 wtiicli consists of a photoelectric conversion circuit 
having many infrared detectors in a one-dimensional 
array or a two-dimensional array on a semiconductor 
substrate and a charge transfer circuit for signal 
charge reading are developed. Among the infrared solid- 

10 state imaging devices, an infrared solid-state imaging 
device for a band of three to five micrometers that 
employs a PtSi/p-Si Schottky barrier diode as each 
infrared detector and that employs a CGD (Charge Coupled 
Device) or the like as the charge transfer circuit is 

15 already put to practical use in combination with an 

infrared lens, a driving circuit, a cooler or the like. 
[0003] 

Fig. 3 is a cross-sectional view of a conventional 
infrared solid-state imaging device that converts an 

20 infrared ray incident from a rear surface of a substrate 
to an electric signal (which device will be referred to 
as ^^rear surface incident infrared solid-state imaging 
device" hereinafter) . In Fig. 3, reference symbol 1 
denotes a P-type silicon substrate having a specific 

25 resistance of about 10 Qcm and 2 denotes a platinum 

silicide (PtSi) layer. A Schottky barrier diode, which 
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consists of the P-type silicon substrate 1 and the PtSi 
layer 2, constitutes an infrared detector. Reference 
symbol 3 denotes a guard ring formed to reduce a leak 
current in infrared detector peripheral portions and 
5 consisting of an N-type impurity region^ 4 a CCD-buried 
channel consisting of an N-type impurity region^ 5 a P- 
type impurity region of a transfer gate that controls 
charge transfer from the infrared detector to the CCD, 6 
an oxide film made of Si02 or the like, 7 a polysilicon 

10 gate electrode, 8 an interlayer insulating film made of 
Si02 or the like, 9a an Al reflecting film provided in a 
region covering the infrared detector on the interlayer 
insulating film 8, and 10 a protection film made of SiOa 
or the like. In Fig. 3, symbol d denotes a distance from 

15 the PtSi layer 2 of the photo-detector to the Al 
. reflecting film 9a. 
[0004] 

Next, operations of the conventional imaging device 
will be described* The infrared ray incident on a 

20 detector region from the rear surface of the substrate 1, 
i.e., from the lower part of Fig. 3 is caused to pass 
through the silicon substrate 1 and reaches the PtSi 
layer 2. Part of the infrared ray is subjected to 
photoelectric conversion in the PtSi layer 2 and a 

25 signal charge is generated. At this moment, the. 

remaining infrared ray which has not contributed to the 



- 6 - 



photoelectric conver.sion is caused to pass through the 
PtSi layer 2 and the interlayer insulating film 8, 
reflected by the Al reflecting film 9a formed above the 
detector, and reaches the PtSi layer 2 again to thereby 
5 generate a signal charge again in the layer 2. 
[0005] 

In this process, the photoelectric conversion 
efficiency of the infrared ray reflected by the Al 
reflecting film 9a when the infrared ray is incident on 

10 the detector again depends on the distance d between the 
infrared detector and the Al reflecting film 9a. The 
distance dependency of the photoelectric conversion 
efficiency will be described in detail with reference to 
Fig. 4. As shown in Fig. 4, the photoelectric conversion 

15 efficiency of the reflected infrared ray has relative 

maximums when the distance d is close to X/4 and 3X/A (a 
maximum at the distance close to A,/4) and relative 
minimums when the distance d is close to X/2 because of 
an optical resonance phenomenon (where A, is a center 

20 wavelength of the detected infrared ray) . To enhance the 
photoelectric conversion efficiency of the reflected 
infrared ray, the distance d is set between. about 0.7 
and about 1 micrometer (X/ A) since a detection 
wavelength of the infrared solid-state imaging device 

25 shown in Fig. 3 is three to five micrometers. 
[0006] 
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The signal charges generated by the photo-detector 
as stated above are accumulated in the PtSi layer 2 and 
the guard ring 3. When a positive voltage is applied to 
the polysilicon gate 7 and the transfer gate is thereby 
5 turned on, the accumulated signal charges flow into the 
CCD channel 4 through the P-type impurity region 5. 
Thereafter, the signal charges are transferred within 
the CCD channel 4 by a CCD operation, and taken out from 
an output amplifier, not shown. It is noted that the 

10 infrared ray, which is incident from the substrate rear 
surface on a region (an insensitive region) other than 
the region in which the photo-detector is formed, is 
caused to pass through the device toward the front 
surface of the substrate. 

15 [0007] 

Meanwhile, if the above-stated PtSi/p-Si Schottky 
barrier diode or the like is employed as the infrared 
detector, the device needs to be cooled to a temperature 
as low as about 77K so as to suppress a dark current 

20 generated in the infrared detector. To do so, the device 
is installed in a cooler for cooling the device. Fig. 5 
is a block diagram illustrating an example in which the 
rear surface incident infrared solid-state imaging 
device is installed. in the cooler. 

25 [0008] 

In Fig. 5, reference symbol 11 denotes an infrared 



- 8 - 



solid-state imaging device, 12 a package, 13 a head of 
the device cooling cooler, 14 a spacer which protects 
the device 11 and which is made of silicon or the like, 
15 an adhesive for low temperature, and 16 an infrared 
5 entrance window. 
[0009] 

Functions of the respective constituent elements 
will next be described briefly. The infrared solid-state 
imaging device 11 is attached to the package 12 using 

10 the low temperature adhesive 15. The infrared entrance 
window 16 is formed in this package 12 so that the 
infrared ray incident from the window 16 strikes against 
the rear surface of the substrate of the infrared solid- 
state imaging device 11. In addition, the spacer 14 is 

15 provided between the imaging device 11 and the cooler 
head 13 so as to prevent a thermal stress generated 
during the cooling of the imaging device 11 because of a 
difference in coefficient of thermal expansion between 
the device 11 and the cooler head 13 from being directly 

20 applied to the device 11, The low temperature adhesive 
15 is also employed to attach the device 11 to the 
spacer 14 and attach the spacer 14 to the cooler head 13. 
[00.10] 

However, the conventional infrared solid-state 
25 imaging device has the following problems. The device 
shown in Fig. 3 has a structure in which the infrared 
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ray incident on the region (insensitive region) other 
than the region in which the photo-detector is formed is 
caused to pass through the device. Due to this, if the 
imaging device is attached to the cooler head as shown 
5 in Fig. 5, the infrared ray that has been incident on 
the insensitive region and passed through the imaging 
device is scattered on a boundary between the device 11 
and the adhesive, a boundary between the adhesive and 
the spacer, edges of the spacer and the like. Scattering 

10 degree largely relies on a state of the surface of the 
device and the like. In some cases, because the 
scattered light is incident again on the substrate of 
the detector, application irregularities of the adhesive 
and the like occur to an output of the detector. As a 

15 result, image irregularities disadvantageously occur. 
[0011] 

To prevent the problems, therefore, there is 
proposed an infrared solid-state imaging device having a 
structure in which the infrared ray incident on the 

20 insensitive region is not caused to pass through the 

device as shown in Fig. 6. that is, by providing an Al 
reflecting film 9b covering not only the detector region 
. but also an entire pixel region including the 
insensitive region, the light incident on the 

25 insensitive region from the rear surface of the device 
is totally reflected by the reflecting film 9b and 
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occurrence of the scattered light is thereby prevented. 
In this case, if the Al reflecting film 9b is not 
completely flat or the infrared ray is incident aslant, 
the quantity of the infrared ray that reenters the 
5 device increases and the apparent photoelectric 

conversion efficiency of the reflected ray is enhanced. 
However, since the infrared ray that entered the 
insensitive region is incident on the device again, the 
spatial resolution of the imaging device is deteriorated. 
10 [0012] 

[Problems that the Invention is to Solve] 

The conventional infrared solid-state imaging 
device, which is constituted as stated above, has the 
following problems. The infrared ray incident on the 

15 insensitive region causes application irregularities of 
the adhesive used for the cooler head. In addition, the 
infrared ray is scattered in the peripheral portions of 
the spacer to cause image irregularities. Further, the 
infrared ray incident on the insensitive region reenters 

20 the photo-detector, thereby disadvantageously 

deteriorating the spatial resolution of the imaging 
device. 
[0013] 

This invention has been made to solve these 
25 problems. It is an object of this invention to provide 
an infrared solid-state imaging device capable of 
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eliminating a scattered light incident from a front 
surface of the imaging device to thereby eliminate image 
irregularities, and capable of preventing the 
deterioration of the spatial resolution of the imaging 
5 device caused by the reentrance of the infrared ray 
which has been incident on an insensitive region. 
[0014] 

[Means for Solving the Problems] 

An infrared solid-state imaging device according to 
10 this invention has an infrared absorption layer provided 
in a region located above a reflecting film and covering 
an insensitive region. 
[0015] 

Otherwise, the infrared solid-state imaging device 
15 has a second reflecting film provided at a predetermined 
position above the reflecting film and away from the 
infrared detector by a distance of about a half of a 
wavelength of an incident infrared ray or about an 
integer multiple of. the half of the wavelength of the 
20 incident infrared ray. 
[0016] 
[Function] 

According to this invention, since the infrared 
absorption layer is provided in the region above the 
25 reflecting film and covering the insensitive region, the 
infrared ray that has been caused to pass through the 
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insensitive region is absorbed by the infrared 
absorption layer and is not incident again on the photo- 
detector. 
[0017] 

5 Otherwise, the second reflecting film is provided 

at the predetermined position above the reflecting film 
and away from the infrared detector by a distance of 
about half the wavelength of the incident infrared ray 
or about an integer multiple of the half of the 

10 wavelength of the incident infrared ray. Therefore, even 
if the infrared ray is passed through the insensitive 
region, reflected by the second reflecting film, and 
incident on the photo-detector, photoelectric conversion 
derived from optical resonance hardly occurs to the 

15 photo-detector. 
[0018] 

[Embodiments] 

A rear surface incident infrared soliji-state 
imaging device in the first embodiment of this invention 

20 will be described hereinafter with reference to the 

drawings. In Fig. 1, the same reference symbols as those 
in Fig. 3 denote the same or corresponding constituent 
elements, respectively. Reference symbol 17 denotes an 
infrared absorption layer made of, -for example, 

25 polysilicon heavily doped with phosphorus, and 18 

denotes a non-reflection coat layer provided to prevent 
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infrared reflection on a boundary between the protection 
film 10 and the infrared absorption layer 17 and made of 
Si02 or the like. 
[0019] 

5 Operations of the imaging device in this embodiment 

will next be described. The operations of the imaging 
device if the infrared ray is incident on the detector 
from the rear surface of the substrate of the device are 
the same as those of the conventional infrared solid- 

10 state imaging device. Therefore, they will not be 

described herein. On the other hand, the infrared ray 
incident on the insensitive region from the rear surface 
of the substrate is caused to pass through the device, 
arrives at the infrared absorption layer 17, and is 

15 absorbed by the layer 17. Due to this, the application 
irregularities of the adhesive for the cooler head do 
not occur. In addition, since the infrared ray is not 
scattered on the peripheral portions of the spacer and 
is not incident on the detector again, problems such as 

20 image irregularities do not occur. At this time, because 
of the presence of the non-reflection coat layer 18, the 
reflection of the infrared ray does not occur on the 
boundary between the infrared absorption layer 17 and 
the non-reflection coat layer 18 and that between the 

25 non-reflection coat layer. 18 and the protection film 10. 
Further, the infrared absorption layer 17 acts as a 
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shielding layer against the infrared ray incident from 
the front surface of the device- Even if the infrared 
ray is incident from the front surface of the device for 
some reason (which infrared ray is referred to as ^^stray 
5 light"), the infrared ray is not subjected to 
photoelectric conversion . 
[0020] 

In this embodiment, the non-reflection coat layer 
18 is formed below the infrared absorption layer 17. 

10 However, if a ratio of a refractive index of the 

infrared absorption layer 17 to that of the protection 
layer 10 falls within a predetermined range, depending 
on a combination of a material for the infrared 
absorption layer 17 and that for the protection layer 10, 

15 the infrared reflection sometimes hardly occurs on the 
boundary between the two members. In this case, it is 
unnecessary to form the non-reflection coat layer 18 but 
the infrared absorption layer 17 may be directly formed 
on the protection film 10. 

20 [0021] 

As described above, in this embodiment, the non- 
reflection coat 18 and the infrared absorption layer 17 
are sequentially built up on the protection film 10. 
Tlierefore, the infrared ray which has been caused to 
25 pass through the insensitive region in which the photo- 
detector is not formed is absorbed by the infrared 
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absorption layer 17. Accordingly, even if the imaging 
device is attached to the cooler head, the infrared ray 
is not scattered and not incident on the photo-detector 
again, thereby making it possible to prevent the image 
5 irregularities caused by the scattering of the infrared 
ray. 
[0022] 

The second embodiment of this invention will next 
be described with reference to Fig. 2. In the second 

10 embodiment, the (first) Al reflecting film 9a is 
provided to cover the upper portion of the photo- 
detector and a second Al reflecting film 19 which covers 
an entire pixel region is formed on the protection film 
10, whereby the infrared ray which has been passed 

15 through the insensitive region is reflected by the 
second Al reflecting film 19 and the photoelectric 
conversion efficiency is deteriorated by utilizing the 
optical resonance. 
[0023] 

20 The second embodiment will be described in detail. 

In Fig. 2, reference symbol 19 denotes the second Al 
reflecting film formed on the protection film 10 so that 
a distance D from the photo-detector to the film 19 is 
close, to \/2, and reference symbol 20 denotes a 

25 protection layer formed on this second Al reflecting 

film 19. As described above, the first reflecting film 
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9a is formed at a position at which the photoelectric 
conversion efficiency reaches a maximum, i.e., at a 
position away from the infrared detector by about X/4. 
[0024] 

5 Operations of the imaging device in the second 

embodiment will next be described. Similarly to the 
first embodiment, the operations of the device if the 
infrared ray is incident on the detector from the rear 
surface of the substrate of the device are the. same as 

10 those of the conventional infrared solid-state imaging 
device. Therefore, they will not be described herein. 
On the other hand, the infrared ray incident on the 
insensitive region from the rear surface of the 
substrate is caused to pass through the device and 

15 reflected by the second Al reflecting film 19 while part 
of the infrared ray is incident on the detector again. 
At this moment, the distance D between the detector and 
the second Al reflecting film 19 is ^/2. At the distance 
D of A,/2, the photoelectric conversion efficiency has a 

20 relative minimum because of the optical resonance as 

described above with reference to' Fig. 4. As a result, 
even if the reflected light is incident on the detector 
again, the photoelectric conversion hardly occurs and 
the spatial resolution of the imaging device is enhanced. 

25 . Moreover, since the second Al reflecting film 19 acts as 
a shielding layer against the infrared ray incident from 
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the front surface of the device, the incidence of the 

stray light is prevented. 

[0025] 

Furthermore, the first reflecting film 9b is formed 
5 to cover only the detector region and most of the 

infrared ray which has been caused to pass through the 
insensitive region is reflected by the second Al 
reflecting layer 19. As a result, most of the infrared 
ray subjected to the photoelectric conversion is the 

10 infrared ray which has been caused to pass only through 
the light receiving section. The spatial resolution of 
the device is, therefore, enhanced from that of the 
conventional device. Besides, the second Al reflecting 
film 19 may be provided at a position away from the 

15 photo-detector by a distance of an integer multiple of 
X/2 . Preferably, the second Al reflecting film 19 is 
provided at a position away from the photo-detector .by 
X/2 with a view of making the device compact. 
[0026] 

20 In the first and second embodiments stated above, 

either the infrared absorption layer 17 or the second Al 
reflecting layer 19 is formed to cover the entire pixel 
region. However, it suffices that the layer 17 or 19 is 
formed on at least part of the pixel region, i.e., the 

25 insensitive region in which the photo-detector is not 
formed. In this case, the same advantages as those 
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stated above can be attained. 
[0027] 

Furthermore, the wavelengths of the target infrared 
ray of the infrared solid-state imaging devices are not 
5 limited to those in the band of three to five 

micrometers but may be those in, for example, a band of 
ten micrometers. In this case, IrSi, SiGe/PtSi or the 
like may be used as a material for the infrared detector, 
and the phosphorus concentration of the infrared 
10 absorption layer may be changed. 
[0028] 

[Advantage of the Invention] 

As described so far, the infrared solid-state 
imaging device according to this invention has the 

15 infrared absorption layer provided in the region located 
above the reflecting film and covering the insensitive 
region. Therefore, the infrared ray incident on the 
insensitive region from the rear surface of the 
substrate is absorbed by the infrared absorption layer 

20 and is not incident again on the photo-detector. It is 
thereby advantageously possible to eliminate the image 
irregularities - 
[0029] 

Further, the second reflecting film is provided at 
25 the predetermined position above the reflecting film and 
away from the infrared detector by a distance of about 
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half the wavelength of the incident infrared ray or 
approximately a multiple of the wavelength of the 
incident infrared ray. Therefore, even if the infrared 
ray is passed through the insensitive region, reflected 
5 by the second reflecting film, and incident on the 

photo-detector, photoelectric conversion derived from 
optical resonance hardly occurs to the photo-detector. 
It is thereby advantageously possible to enhance the 
spatial resolution of the imaging device. 
10 [Brief Description of the Drawings] 
[Fig- 1] 

Fig. 1 is a cross-sectional view illustrating an 
infrared solid-state imaging device in the first 
embodiment of this invention. 
15 [Fig. 2] 

Fig. 2 is a cross-sectional view illustrating the 
infrared solid-state imaging device in the second 
embodiment of this invention. 
[Fig. 3] 

20 Fig. 3 is a cross-sectional view illustrating a 

conventional rear surface incident infrared solid-state 
imaging device . 
[Fig. 4] 

Fig. 4 illustrates the relationship between a 
25 detector-to-reflecting film distance (d) and a 

photoelectric conversion efficiency of a reflected 
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infrared ray. 
[Fig. 5] 

Fig. 5 is a block diagram illustrating one example 
of an installation method if a rear surface incident 
5 infrared solid-state imaging device is attached to the 
cooler. 
[Fig. 6] 

Fig. 6 is a cross-sectional view illustrating 
another example of the conventional rear surface 
10 incident infrared solid-state imaging device. 
[Description of Reference Symbols] 
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